Background. Tomato brown rugose fruit virus (ToBRFV) is a highly infectious tobamovirus that causes severe disease in tomato (Solanum lycopersicum L.) crops. In Italy, the first ToBRFV outbreak occurred in 2018 in several provinces of the Sicily region. ToBRFV outbreak represents a serious threat for tomato crops in Italy and the Mediterranean Basin.
158 in our lab during this work were aligned using ClustalX2 program (Larkin et al., 2007) in order 159 to design 5 primer pairs targeting only conserved sequences. 160 The obtained primers were tested in vitro with the Primer-BLAST algorithm 161 (https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi) to evaluate the possibility of specific 162 hybridisation with other organisms. The same primers were also tested using Vector NTI 163 Advance 11.5 software (Invitrogen, CA, USA) with the complete sequence of other 164 tobamoviruses to understand their affinity percentages. The included tobamoviruses were: Bell 165 pepper mottle virus (1 sequence), Brugmansia mild mottle virus (1 sequence), Obuda pepper 166 virus (2 sequences), Paprika mild mottle virus (2 sequences), Pepper mild mottle virus (13 167 sequences), Rehmannia mosaic virus (6 sequences), Tobacco mild green mosaic virus (7 168 sequences), Tobacco mosaic virus (10 sequences), Tomato mottle mosaic virus (5 sequences) and 169 Tomato mosaic virus (10 sequences). 170 The obtained five primer pairs were tested by Real-time RT-PCR with SYBR green, in order to 171 understand which primer pair has the lowest Ct value. Real-time RT-PCR was performed in a 172 Q2plex HRM Platform Thermal Cycler (Qiagen, Hilden, Germany). The mixture consists in a 20 173 µl final volume containing 1 µl of total RNA extract (ToB-SIC01/19) with ∼10 ng RNA/µl 174 concentration, 1µl of 1mM of each primer,10 µl of Master mix QuantiNOVA XX (Qiagen, 175 Hilden, Germany) and H 2 O DEPC to reach the final volume. 176 Healthy tomato plant RNA and water were used as control samples. Each sample was analysed 177 twice. Cycling conditions included reverse transcription at 48 °C for 10 min, incubation at 95 °C 178 for 5 min, 45 cycles of 95 °C for 2sec and 60 °C for 20 sec and fluorescence was measured at the 179 end of each cycle. Melting curve steps were added at the end of RT-PCR as following: 95 °C for 180 1 min, 40 °C for 1 min, 70 °C for 1 min and a temperature increase to 95 °C at 0.5 °C/s to record 181 the fluorescence. 182 A specific ToBRFV TaqMan® MGB probe (Eurofins Genomics, Luxembourg) was designed in 183 a conserved domain within the region encompassed by the primers. The probe, with a length of 184 22 nucleotides, was 5'-labelled with the reporter dye FAM (6-carboxyfluorescein) and 3'-185 labelled with a non-fluorescent quencher (MGB NFQ). TaqMan MGB probes include a minor 186 groove binder (MGB) moiety at the 3' end, which increases the melting temperature (Tm) of the 187 probe and stabilises the probe-target hybrids. Consequently, MGB probes can be significantly 188 shorter than traditional probes, providing better sequence discrimination and flexibility to 189 accommodate more targets. The predicted Tm values for ToBRFV primers and probe were 59-60 190°C and 67 °C, respectively, calculated with the prediction tool provided by Primer Express 191 Software v3.0.1. (Thermo Fisher Scientific, MA, USA). The sequences included in this study are 192 reported in Table S1 . 195 The Real-time RT-PCR assay with TaqMan MGB probe was performed in a Rotor-Gene Q2plex 196 HRM Platform Thermal Cycler (Qiagen, Hilden, Germany) in a reaction mix of 12 µl final 197 volume, containing 1 µl of total RNA extract with the concentration of ∼10 ng RNA/µl, 0.5 µM 278 placed in a 1.5 ml tube containing 0.5 ml of glycine buffer. Tubes were vortexed for 30 sec and 279 heated at 95 °C for 10 min. Three microliters were used for the subsequent steps. 280 Finally, the 42 sample preparations were tested by DAS-ELISA using a commercial kit of 281 polyclonal antibodies for Tobacco mosaic virus (TMV), which can also detect ToBRFV 282 (AGDIA). The same samples were also tested by end-point RT-PCR using the primers ToBRFV-283 F-5722 and ToBRFV-R-6179, and by Real-time RT-PCR-MGB-probe based-method according 284 to the protocols described previously. Table 1 reports the number of infected plants per province and data 297 collection. As reported in Table 1 , the incidence of ToBRFV was higher in the greenhouses in 298 the provinces of Ragusa and Siracusa, with an infection percentage of 93.3% and 70%, 299 respectively, than in the greenhouses of the provinces of Agrigento and Caltanissetta that showed 300 a percentage of infected plants of 16.6% and 6.66%, respectively. Analysing the three surveys 301 performed in the 4 provinces, the virus showed a downward trend. Indeed, Ragusa decreased 302 from 93.3% of the first sampling to 63.3% of the third sampling, Siracusa from 70% to 40% and 303 Agrigento and Caltanissetta passed from 16.6% and 6.66%, respectively, to zero. (Table 2) . 314 315 Full genome sequencing 316 The gRNA of the ToBRFV isolate named ToB-SIC01/19 of Sicily was completely sequenced in 317 this study. An RT-PCR synthesis was designed using the genome walking strategy of 358 different areas of Sicily, within the provinces of Agrigento, Caltanissetta, Ragusa and Siracusa. 359 The average Ct values were within the dynamic range of the standard curve and ranged from 14 360 to 23. 361 362 Different methods for sample preparation and comparison of different ToBRFV 363 detection techniques 364 Four different procedures were evaluated to identify the best method for sample preparation. 365 Forty-two samples (10 per province, ToB-SIC01/19 and a healthy tomato plant) were included. 366 The results obtained with the four different methods of sample preparation were compared with 367 each other and with DAS-ELISA and end-point RT-PCR (Table 5 ). All the four different 368 methods for sample preparation (immunocapture, total RNA extraction, direct crude extract and 369 leaf-disk crude extract) were effective for ToBRFV detection by Real-time RT-PCR. Analysing 370 the four different procedures, the Ct value obtained with immunocapture ranged from 16 to 28, 371 with total RNA extraction from 14 to 23, with leaf-disk crude extract from 17 to 35 and with 372 direct crude extract from 17 to 37. 373 Regarding the comparison between Real-time RT-PCR and other techniques, Real-time RT-PCR 374 showed more sensitivity than DAS-ELISA; indeed, 11 samples that gave negative results by 375 DAS-ELISA were positive with Real-time RT-PCR (Table 5) Sicily is one of the Mediterranean Basin regions with the most important tomato production and, 387 due to its geographical position, it represents the main access point for plant material to the 388 European countries. This situation considerably increases the risk of introducing new pathogens 389 into our environments and entails a serious risk for agriculture biosecurity and food production, 390 jeopardising the future of Italian horticulture. The outbreak of Tomato brown rugose fruit virus 391 (ToBRFV) represents a threat due to its multiple transmission methods and to the absence of 392 tomato and peppers resistant varieties. Furthermore, several hybrid tomato varieties presenting 393 Tomato mosaic virus (ToMV) and Tobacco mosaic virus (TMV) Tm-1, Tm-2 and Tm-2 2 394 resistance genes (Pelham, 1966) , can be severely affected by ToBRFV, leading to a rapid virus 395 spread in all those areas where tomato is cultivated. To date, the only two available tools to 396 contain ToBRFV worldwide are early diagnosis and the implementation of preventive measures 397 in crop management, which can be a valuable aid in reducing the introduction and subsequent - - ToB-SIC1/19  +  +  +  --16 14 17  17  healthy plant  --------- 
